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In  Brief. 


In  livestock  buildings,  proper  ventilation  and  insulation  can  make  the 
difference  between  profit  and  loss.  Insulated  and  ventilated  buildings 
cost  more,  but  because  good  ventilation  improves  feed  conversion  and 
sanitation,  its  cost  is  soon  offset  by  greater  profits. 
Ventilation  removes  the  water  vapor  produced  by  the  animals,  reduces 
fluctuations  in  temperature,  provides  a  fairly  continuous  supply  of 
fresh  air,  and  makes  the  building  last  longer.  For  example,  cattle 
breathe  out  water  vapor,  but  they  also  produce  a  large  amount  of  heat. 
This  animal  heat  from  adult  cattle  may  be  adequate  to  maintain  healthy 
stable  temperatures  during  winter,  and  the  ventilation  rate  can  be 
adjusted  to  keep  the  air  fresh.  However,  it  is  almost  impossible  to 
provide  young  pigs  with  proper  ventilation  and  still  keep  the  temper- 
ature satisfactory,  because  young  pigs  give  off  more  moisture  and  less 
heat  than  cattle;  they  must  be  provided  with  supplementary  heat. 
Buildings  lose  heat  through  walls,  ceilings,  doors,  and  windows,  and  in 
the  ventilating  air.  Well-insulated  ceilings  and  walls  with  properly 
installed  vapor  barriers  are  essential. 

The  amount  of  air  exchange  needed  for  proper  winter  ventilation 
depends  on  the  outside  temperature  when  the  inside  temperature  is 
kept  constant— the  colder  the  outside  temperature,  the  less  air  needed. 
Buildings  that  house  livestock  throughout  the  year  need  rapid  air 
exchange  in  hot  summer  weather.  This  rapid  exchange  is  necessary  to 
remove  the  moisture  produced  and  to  keep  the  inside  temperature  close 
to  the  outside  temperature. 
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VENTILATION  OF  LIVESTOCK  BUILDINGS 
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Macdonald  College  of  McGill  University 
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of  the  National  Coordinating 
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Services 

INTRODUCTION 

This  publication  outlines  methods  of  fan  ventilation  for  livestock  buildings,  and 
provides  information  for  designing  ventilation  systems.  The  sections  on  ventilation, 
insulation,  fans,  air  inlets,  and  systems  give  general  information  on  ventilating 
livestock  structures. 

The  map  of  Canada  (Figure  1)  shows  design  winter  temperatures  for  the  various 
climatic  zones.  When  designing  a  ventilation  system,  check  this  map  for  the  winter 
temperature  in  your  area. 

Although  it  is  common  practice  to  allow  dairy  and  beef  cattle  to  spend  most  of 
their  time  out  of  the  barn  in  summer,  some  buildings  are  used  to  confine  cattle  the 
year  around.  If  ventilation  is  not  provided  by  doors  or  windows,  larger  fans  must  be 
installed.  They  must  be  able  to  move  enough  air  to  keep  the  inside  temperature 
nearly  the  same  as  that  of  the  outside. 

Because  natural-draft  ventilating  systems  are  hard  to  regulate  and  cannot  move 
enough  air  when  the  outside  temperature  is  above  freezing,  this  publication  deals 
only  with  fan  ventilation.  The  widespread  use  of  electricity  on  farms  makes  fan 
ventilation  available  in  most  livestock  areas  in  Canada. 

VENTILATION 

Many  livestock  buildings  are  hot  and  oppressive  in  spring  and  fall,  and  damp  and 

cold  in  winter.  Ventilation  of  an  insulated  building  overcomes  this  by  removing 

water  vapor,  reducing  fluctuations  in  temperatures,  providing  an  adequate  supply  of 

fresh  air,  and  preventing  condensation  on  the  interior  walls. 

For  example,  the  temperature  of  a  cow's  breath  is  about  95° F  and  is  90  percent 

saturated  with  water  vapor.   Unless  this  vapor  is  removed  as  it  is  produced,  it 

condenses  when  it  meets  a  cooler  surface. 

More  important,  perhaps,  is  that  the  vapor  finds  its  way  into  the  building  materials, 

and  causes  deterioration.  Dampness  in  a  barn  also  contributes  to  wet  litter,  dirty 
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Figure  1.  Map  of  Canada  showing  design  winter  temperatures  and  average  number  of  hours  below  zero. 
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eggs,  pneumonia  in  calves,  higher  disease  rates,  milk  odors,  and  rapid  corrosion  of 
metal  parts. 

Some  buildings  have  cracks,  through  which  air  escapes  and  carries  some  moisture 
with  it.  However,  the  temperature  then  fluctuates  almost  as  much  inside  as  outside. 
Livestock  production  is  affected  by  fluctuating  temperatures  as  well  as  by  high  or 
low  temperatures.  It  is  therefore  important  to  keep  the  temperature  of  the  air  in  a 
closed  livestock  building  as  uniform  as  possible. 

Livestock  need  fresh  air.  When  the  air  becomes  stuffy  because  of  high  humidity, 
and  contaminated  with  stale  odors  such  as  ammonia,  production  drops.  Ventilation 
supplies  the  fresh  air  necessary  to  overcome  these  conditions.  A  ventilating  system 
with  proper  air  inlets  (Figure  2)  can  maintain  the  chosen  inside  temperature 
automatically. 


WINTER  POSITION 


PLYWOOD  BAFFLE 


FRESH  AIR  INLET 


•CEILING  CONSTRUCTION 


SUMMER  POSITION 


2-2"  X  4 


WXlV  PLATED  EYEBOLT, 
DIA.  FIBER  WASHER  &  2  NUTS 


'//'  X  3"  X  3"  PLYWOOD  WASHER 
GLUED  TO  POLYSTYRENE 


n"X  8"  X  8'  EXTRUDED 
POLYSTYRENE  BOARD, 
CONTINUOUS 


W  NYLON  STRING  TIES, 
ONE  AT  EACH  END  OF 
8'  FLAPS 

OPEN  SCREW  EYE 


Figure  2.  Manually  adjusted  air  inlets  with  horizontal  or  vertical  discharge. 

Proper  ventilation  should  be  based  on  the  moisture  and  heat  produced  by  the 
livestock,  as  well  as  on  the  temperatures  and  humidities  both  inside  and  outside. 
The  type  of  building,  the  amount  of  insulation,  and  the  type  of  air  inlets  in  the 
building  affect  the  location  of  fans  and  the  control  of  the  temperature  during  cold 
weather. 

The  basic  problem  of  ventilation  in  winter  is  to  have  enough  heat  to  warm  incoming 
fresh  air  when  fans  are  exhausting  the  moisture-laden  air.  Enough  heat  must  be  held 
in  the  building  to  keep  the  temperature  uniform.  Normally,  the  only  heat  is 
provided  by  the  livestock. 

INSULATION 

Insulation  is  the  chief  means  of  holding  heat  in  a  building.  The  amount  of 
insulation  needed  depends  on  the  area  where  you  live. 
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Insulation  slows  the  heat  flow  from  warm  to  cold  surfaces  through  walls,  ceilings, 
and  floors.  In  winter,  insulation  slows  the  heat  flow  from  inside  to  outside.  In 
summer,  it  slows  the  heat  flow  from  a  hot  roof  to  the  inside.  Insulation  is  available 
in  many  forms  but  all  are  light  in  weight  because  of  the  amount  of  air  trapped  in 
the  material.  The  trapped  air  is  unable  to  circulate,  so  the  material  resists  the  flow 
of  heat.  Heat  escapes  at  a  slower  rate  through  material  having  a  high  resistance  to 
heat  flow  than  through  one  with  a  low  resistance.  Also,  when  high-resistance 
material  is  used,  the  inside  surface  temperature  of  a  wall  or  ceiling  is  closer  to  the 
temperature  of  the  room  air  than  when  material  with  a  lower  resistance  to  the  flow 
of  heat  has  been  used.  When  heat  loss  is  reduced  by  insulation,  the  required 
temperature  of  the  barn  can  be  maintained,  and  more  heat  is  left  over  to  warm  up 
the  incoming  ventilating  air.  When  the  inside  surface  of  well-insulated  walls  and 
ceilings  is  warm,  water  and  frost  do  not  form  on  these  surfaces,  as  they  do  on 
single-glass  windows  or  concrete  walls. 

Refer  to  Figure  1  to  find  out  the  design  winter  temperature  for  your  area.  Then, 
from  Figure  3  select  the  type  of  building  construction  that  is  needed. 
As  most  fiberboards  absorb  moisture,  they  should  not  be  used  for  lining  a  livestock 
shelter. 

Heat  also  escapes  from  a  building  through  cracks  around  windows,  doors,  and  eaves. 
You  can  retain  this  heat  by  caulking  and  weatherstripping  the  cracks  and  openings. 
Much  heat  is  lost  through  windows,  but  only  half  as  much  if  the  windows  are 
double-glazed.  Therefore,  keep  the  window  area  to  a  minimum  and  use  either  storm 
sashes  or  double  glazing.  Many  producers  are  now  building  windowless  buildings. 
Check  with  your  local  health  authorities  to  see  if  they  have  regulations  about  the 
number  of  windows. 

Airflow  needed  for  summer  ventilation  is  less  if  the  effect  of  the  sun  on  a  building 
is  reduced  by  a  white  or  bright  roof,  a  well-vented  attic,  and  good  insulation  in 
walls  and  ceiling. 

VAPOR  BARRIERS 

Water  vapor  in  the  air  exerts  a  "vapor  pressure."  This  pressure  is  greater  in  warm 
humid  air  than  in  cold  air.  Therefore  in  livestock  buildings  where  the  inside  air  is 
warm  and  very  moist,  the  vapor  tries  to  escape  out  through  the  walls  and  ceilings. 
In  winter  the  vapor  cools  as  it  passes  through  the  building  materials  and  forms  into 
drops  of  water  in  the  insulation. 

The  value  of  insulating  material  is  reduced  when  it  is  wet.  A  wet  wall  also  shortens 
the  life  of  a  building,  because  the  structure  rots  quickly. 

To  prevent  most  moisture  from  entering  a  wall,  insert  a  vapor  barrier  on  the 
normally  warm  side  (the  inside)  of  the  wall  (Figure  4).  Batts  and  blanket-type 
insulation  already  have  vapor  barriers  attached,  but  as  most  of  these  are  inadequate 
you  should  have  a  continuous  vapor  barrier  over  them.  Do  not  use  asphalt  or  tar 
building  paper  as  a  vapor  barrier;  polyethylene  plastic  or  aluminum  foil  gives  a 
better  seal. 

1  0 


CONSTRUCTION  MATERIALS 


INSULATION 
(R  VALUE) 


5/i6"  plywood 


0.4 


plywood 


0.5 


glass-single  sash 


0.9 


'/2   fiberboard, 

("Ten-Test",  "Donnacona",  etc.) 


W  door  of  matched  lumber 


1.6 


8"    solid  concrete 


1.7 


vrrV^FT 


^\r 


3"  concrete  block 


2.0 


s/b"  fiberboard, 

("Ten-Test",  "Donnacona",  etc.) 


2.0 


wood  siding,  building  paper,  studs 


2.0 


16"  solid  stone  wall 


2.0 


glass-double  sash 


2.0 


Figure  3.  Construction  materials  and  insulation. 
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CONSTRUCTION  MATERIALS  (continued) 


INSULATION 
(R  VALUE) 


■Li 


l^ll 


8"  light  aggregate  concrete  block 


3.0 


M 


urn 


W  wood  siding,  building  paper 
3/t'  wood  sheathing,  studs 


3.0 


l'/2"door-  2  layers  of  matched  lumber 
building  paper  between 


3.0 


INSULATED  WALL  SECTIONS 


INSULATION 
(R  VALUE) 


1     fiberglass  insulation,  blanket  or 
loose  fill 


4.0 


W  wood  siding,  building  paper,   3/4'  wood 
sheathing,  studs,  vapor  barrier,  interior  wood 
sheathing 


5.0 


nctt 


door-  "W  plywood,  2    fiberglass  or  mineral  wool, 
vapor  barrier,  3/8    plywood 


9.0 


3/i6"  cement  asbestos  board,  2"  polystyrene  foar 
insulation  board,  polyethylene  vapor  barrier, 
2    nominal  pressure-treated  planking 


10.3 


W  wood  siding,  building  paper,  2  fiberglass 
or  mineral  wool  between  studs,  vapor  barrier, 
interior  sheathing 


12.0 


3//  wood  siding,  building  paper,  4     stud  space 
tilled  with  wood  shavings,  vapor  barrier, 
interior  sheathing 


3.0 


metal  siding,  4"  stud  space  filled  with  fiberglass, 
vapor  barrier,   3/s"  plywood  interior  sheathing 


13.6 


W  wood  siding,  building  paper,  3"  fiberglass 
or  mineral  wool  between  studs,  vapor  barrier, 
interior  sheathing 


16.0 
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INSULATED  WALL  SECTIONS  (continued) 


INSULATION 
(R  VALUE) 


3/4  wood  siding,  building  paper,  4"  fiberglass 
or  mineral  wool  between  studs,  vapor  barrier, 
interior  sheathing 


17.0 


W  wood  siding,  building  paper,  6"  stud  space 
filled  with  wood  shavings,  vapor  barrier, 
interior  sheathing 


18.0 


metal  siding,  building  paper,  6  stud  space 
filled  with  fiberglass  or  mineral  wool,  vapor 
barrier,  3/s"  plywood  interior  sheathing 


23.2 


W  wood  siding,  building  paper,  6"  stud  space 
filled  with  fiberglass  or  mineral  wool,  vapor 
barrier,  interior  sheathing 


24.0 


CEILING  INSULATION 


INSULATION 
(R  VALUE) 


joist,  W matched  lumber 


2.0 


W  matched  lumber,  4    fiberglass 
or  mineral  wool  between  joists 


17.0 


joist,   3/4    matched  lumber,  vapor  barrier 
12"  hay  or  straw 


19.0 


W  boards,  vapor  barrier,  8    shavings 
between  joists 


21.5 


sheet  metal  ceiling,  vapor  barrier,  6 'fiberglass 
or  mineral  wood  between  joists 


23.4 


3/4"  boards,  vapor  barrier,   6"  fiberglass  or 
mineral  wool  between  joists 


24.0 


joist,  3/4"  matched  lumber,  24"  hay  or  strav 


36.0 
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CONTINUOUS  V2"XV2"  HARDWARE  CLOTH 
OVER  2"  ATTIC  VENTILATION  SLOT 

2"  X  4"  STUDS  24"  OC 

4"  GLASS  FIBER  OR  MINERAL 
WOOL  INSULATION 

INTERIOR  CLADDING 

VAPOR  BARRIER  4-MIL  POLYETHYLENE 

15-LB  ASPHALT  FELT  (VAPOR- 
BREATHING  TYPE) 

VERTICAL  EXTERIOR  SIDING 

l"  X  4"  NAILING  GIRTS  24"  OC 


W  X  24    CEMENT -ASBESTOS  BOARD 

(NAILED  TO  BOTTOM  GIRT  BEFORE 
EXTERIOR  SIDING  IS  APPLIED) 


1"  X  21"  RIGID  PERIMETER  INSULATION 


(TACKED  TO  CONCRETE  FORM  BEFORE 
FORM  TIES  ARE  PUT  IN  PLACE) 


Figure  4.  A  section  of  a  typical  insulated  farm  building  wall. 
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Building  paper  may  be  placed  just  under  the  outside  sheathing  of  a  wall  as 
protection  against  wind  and  rain,  but  it  must  be  a  breather  type  of  paper.  If  you  use 
a  vaporproof  paper  on  the  cold  side  of  the  insulation,  any  moisture  entering  the 
wall  through  cracks  in  the  inside  lining  cannot  escape  to  the  outside  and  it  will 
condense  in  the  insulation  during  cold  weather. 

Mineral-surfaced  roll  or  insulation-board  siding  in  brick  or  stone  pattern,  when  used 
as  an  exterior  covering,  acts  as  a  vapor  barrier  on  the  wrong  side  of  the  insulation, 
and  traps  moisture  or  frost  in  the  wall.  To  allow  this  moisture  to  escape,  you  must 
ventilate  the  air  space  next  to  the  outside  sheathing  by  drilling  small  holes  at  the 
base  and  top  of  each  air  space.  These  holes  will  help  to  maintain  the  insulation 
value  of  the  wall  and  will  prevent  deterioration  by  keeping  the  wall  dry  inside. 

VENTILATION  SYSTEMS 

A  ventilation  system  consists  of  a  fan,  or  fans,  with  shutters  and  hoods; 
temperature  or  time  controls;  and  air  inlets  and  diffusers.  Each  part  of  the  system  is 
important  and  all  parts  must  be  chosen  with  care. 

Fans 

Propeller  fans  are  widely  used  because  they  are  efficient  and  can  remove  dusty  air 
from  livestock  buildings  without  becoming  clogged.  Such  fans  (Figure  5)  are  either 
belt-driven  or  directly  connected  to  a  suitable  electric  motor. 


FAN  UNIT 
METAL  HOOD 


LOUVERS 
(inner  side  of  wal  I) 


Figure  5.  Detail  of  an  exhaust  ventilation  fan  with  inside  louver. 
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Choose  a  fan: 

for  its  rated  capacity  in  cubic  feet  per  minute  (c.f.m.)  rather  than  for  its 
diameter 

with  a  capacity  rating  measured  at  1/8-inch  static  pressure  (water  gauge) 

with  the  largest  diameter  for  the  required  capacity  (such  a  large-diameter 
fan  is  more  efficient  and  quieter  than  a  smaller  fan  having  the  same  c.f.m.  capacity) 

having  a  totally  enclosed  motor  (to  keep  out  dust  and  dirt) 

equipped  with  overload  protection  in  the  motor  or  the  switch  or  both 

having  a  continuous-duty  motor 

that   is  C.S.A.  approved   (the  approval   label  of  the  Canadian  Standards 
Association  is  required  by  law) 

with  well-made  shutters,  and  an  outside  hood  extending  to  6  inches  below 
the  fan  (for  a  weather  shield,  and  to  reduce  back  pressure  due  to  wind). 
See  Table  1  for  fan  sizes  to  suit  your  livestock  and  your  building.  Two-speed 
motors  are  available  for  fans,  but  their  low  rate  is  about  two-thirds  of  the  maximum 
rate  of  delivery.  This  change  in  air  output  rate  does  not  correspond  to  the  change 
shown  in  Table  1  corresponding  to  extreme  outside  temperature  changes.  It  is 
usually  better  to  have  one  or  more  small  fans  to  provide  the  air  delivery  required  at 
low  outside  temperatures.  Then  with  rising  outdoor  temperatures,  larger  fans 
started  by  a  thermostat  can  move  more  air  and  hold  a  more  uniform  inside 
temperature.  For  even  better  temperature  control,  a  small  two-speed  fan  may  be 
used  to  handle  typical  winter  weather  changes,  along  with  larger  fans  for  hot 
weather. 

Alarms 

If  a  breakdown  in  the  ventilation  system  could  be  disastrous,  as  with  poultry  or 
hogs  housed  in  close  confinement,  it  is  a  good  idea  to  have  an  alarm.  Low-cost 
battery-operated  alarms  that  plug  into  an  outlet  will  warn  of  electric  power  outage. 
An  alarm  buzzer  beside  the  operator's  bed  can  be  combined  with  a  battery  lantern 
that  lights  at  the  moment  the  power  supply  is  interrupted.  Better  still,  a  system  can 
be  connected  to  ring  the  telephone  or  an  alarm  buzzer  if  the  temperature  in  the 
barn  goes  too  high  or  too  low. 

Fan  Location 

Locate  fans,  if  possible,  to  discharge  away  from  prevailing  winds.  A  wind  speed  of 
20  miles  an  hour  blowing  against  a  typical  farm  fan  reduces  its  output  by  half;  a 
wind  of  35  miles  an  hour  will  close  the  shutters  and  may  even  burn  the  motor.  An 
outside  hood  (Figure  6)  over  the  fan  opening  and  extending  down  6  inches  below 
the  bottom  of  the  fan  blades  helps  to  reduce  wind  effects.  Gravity  shutters  are  also 
needed;  they  prevent  back  drafts  when  the  fans  are  stopped.  Shutters  are  usually 
located  on  the  outside  of  the  fan  unit,  although  some  manufacturers  place  the 
shutters  inside  for  easier  cleaning  and  less  risk  of  freeze-up. 

In  livestock  buildings  such  as  the  dairy  barn  where  animals  of  different  age  groups 
must  be  housed  in  the  same  room,  install  fans  near  the  main  source  of  heat  and 
moisture.  Do  not  draw  the  warm  moist  air  from  mature  livestock  over  the  young 
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TABLE  1.  Airflow  Requirements  in 
Closed  Livestock  Buildings 


Total  airflow 
(cubic  feet  per  minute) 


Weight  of 
animal    • 


Winter 
(October  to  May) 


Summer 


Type  of  livestock  housed  (pounds)  Minimum  Maximummaximum 


Cattle 

Dairy  and  beef 

(per  1000  pounds) 
Pigs 

Feeder 


Sows  with  litters 


Poultry 

Cage  layers 

Layers  on  litter 

Broilers 

Turkeys  (per  pound) 
Sheep 

Ewes  and  feeder  lambs 
(per  100  pounds) 


30 


150 


300 


50 

3-4 

15 

40 

100 

4-5 

20 

55 

150 

5-6 

25 

65 

200 

6-7 

30 

80 

12-20 

60 

(Oneair 
change 
every  2 
minutes) 

3.5 

0.5 

3.5 

6 

4 

0.5 

3.0 

5 

3.5 

0.5 

3.0 

4 

0.25 

1.0 

1.25 

4-5 


25 


50 


NOTE:  All  fans  should  be  thermostat  controlled,  with  the  lowest  allowable 
setting  for  the  smallest  fan,  which  is  used  for  minimum  airflow.  Fan 
capacity  should  be  adequate  to  hold  the  inside  temperature  within 
5  degrees  above  the  outside  temperature.  The  information  for 
cattle  and  sheep  applies  to  animals  housed  in  closed  insulated 
buildings. 


stock  area;  young  animals  do  not  produce  enough  heat  to  keep  this  warm  moist  air 
from  condensing  on  the  walls  and  ceilings. 

By  drawing  exhaust  air  from  the  adult  animal  area,  the  temperature  and  humidity 
of  the  young  animal  area  will  be  lower,  since  some  fresh  air  will  be  entering  over  the 
young  animals.  These  animals  will  be  healthier  in  the  dry  cool  environment.  In  a 
poultry  or  pig  barn,  fan  location  may  be  determined  with  regard  to  building  shape 
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Figure  6.  Hoods  over  fan  openings  exclude  rain  and  reduce  head  wind  effects. 

and  orientation,  rather  than  distribution  of  the  livestock,  since  the  animals  are 
usually  caged  or  penned  uniformly  throughout  the  room. 

For  more  positive  air  movement,  fans  may  be  grouped  in  pairs;  one  large  and  one 
small  fan  can  be  mounted  side  by  side  to  move  air  over  a  wide  range  of  capacity, 
from  low  capacity  in  winter  to  high  in  summer.  Figure  7  shows  a  photograph  of 
such  a  combination.  If  the  barn  is  more  than  100  feet  long,  mount  two  or  more 
pairs  of  fans  some  distance  apart. 


Fan  Controls 

A  thermostat  (Figure  8)  controls  by  reaction  to  temperature.  A  moisture  control 
such  as  a  humidistat  is  not  reliable  in  a  livestock  building  and  its  operation  is  not 
affected  by  temperature.  A  10-minute  time  clock  is  sometimes  used.  It  provides  a 
means  of  adjusting  the  effective  capacity  of  the  small  winter  fans  by  manual  setting 
of  the  on-off  cycle  times.  This  type  of  control  is  most  useful  for  ventilating  growing 
animals  where  the  required  minimum  rate  varies  with  the  age  and  number  of  the 
animals,  and  it  works  best  where  supplementary  heat  controlled  by  a  thermostat 
can  hold  the  minimum  temperature.  A  two-stage  thermostat  for  control  of  a 
two-speed  motor  or  two  single-speed  motors  is  available.  When  the  temperature  in 
the  barn  reaches  the  point  at  which  this  thermostat  is  set,  the  low  speed  of  the 
two-speed  motor,  or  the  smaller  fan,  starts  first.  If  the  temperature  in  the  building 
continues  to  rise,  the  thermostat  causes  the  motor  to  change  to  high  speed  or  the 
larger  second  fan  to  start. 
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Controls  must: 

resist  corrosion 

be  designed  especially  for  farm  buildings 

be  placed  out  of  drafts,  about  7  feet  above  the  floor  in  the  center  of  the 
building 

be  rated  to  start  and  run  the  fan  motors. 
The  temperature  setting  on  a  thermostat  is  determined  by  the  operator,  depending 
on  atmospheric  conditions  in  the  barn.  Note,  however,  in  Figure  9  that  cool 
temperatures  do  not  adversely  affect  dairy  cows  as  much  as  they  affect  other 
livestock.  When  it  is  very  cold  outside,  the  air  temperature  in  a  dairy  barn  may  be 
safely  lowered  to  just  above  freezing.  In  fact,  such  a  temperature  is  adequate  in 
free-stall  barns  or  in  other  buildings  having  large  areas  of  moist  surfaces  exposed  to 


Figure  7.  Pair  of  fans  for  low  winter  and  high  summer  airflow  rates. 

the  air.  The  moisture  evaporated  in  such  conditions  is  very  much  greater  than 
normal,  and  the  livestock  may  not  produce  enough  heat  to  maintain  a  satisfactory 
environment. 

Air  Inlets 

Fans  are  designed  to  exhaust  stale  moist  air  from  a  livestock  shelter,  but  air  inlets 
(Figure  2)  are  also  needed  to  allow  fresh  outside  air  to  enter  evenly  around  the 
building.  These  inlets  can  have  a  much  greater  influence  than  the  fans  have  on  air 
distribution.  In  winter,  gutter  cleaner  openings,  feed  chutes,  and  doors  admit  big 
slow-moving  drafts  of  cold  air,  which  are  slow  to  mix  with  the  warm  inside  air. 
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Figure  8.  A  two-thermostat  control  for  small  winter  fans  and  large  summer  fans. 

Large  openings  are  undesirable  for  winter,  and  they  should  be  closed  off.  In  the  hot 
summer  weather,  however,  air  coming  through  large  openings  helps  to  cool  the 
livestock.  Insulated  hinged  or  sliding  panels  are  therefore  often  used  to  provide 
maximum  summer  ventilation  and  are  a  safety  feature  in  the  event  of  a  power 
failure. 
Inlets  must: 

be  continuous  on  one  or  both  sides  of  the  building 

provide  proper  mixing  of  cold  outside  air  and  warm  inside  air,  but  must 
not  allow  drafts  at  animal  level 

be  easily  adjustable  (either  by  hand  or  automatically) 

be  protected  from  effects  of  wind. 
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re  9.  The  effect  of  temperature  on  A,  dairy  cow  milk  production;  B,  weight 
in  pigs;  and  C,egg  production  of  laying  hens. 


You  can  obtain  help  in  choosing  the  design  of  air  inlets  by  consulting  your  local 
agricultural  advisor  or  extension  agricultural  engineer. 

In  very  cold  weather,  animals  do  not  give  off  enough  heat  to  warm  the  incoming 
air.  For  most  adult  animals  in  well-insulated  buildings,  this  point  occurs  when  the 
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outside  temperature  falls  to  about  zero.  Supplementary  heat  must  then  be  provided 
so  that  ventilating  fans  can  move  the  minimum  amount  of  air  (Table  1).  The  extra 
heat  can  be  provided  by  electric  unit  heaters  or  fuel-fired  heaters.  Sometimes  a 
regular  house  furnace  is  used.  For  safe  operation  of  warm-air  furnaces  only  clean  air 
should  circulate  through  the  furnace.  When  the  furnace  fan  draws  fresh  air  from 
outside,  it  provides  clean  air  and  causes  equal  amounts  of  moisture-laden  air  to  be 
exhausted  from  the  building.  For  economy,  the  capacity  of  this  air-circulating  fan 
should  closely  match  the  winter  minimum  ventilation  airflow  calculated  from 
Table  1. 

Some  method  must  be  used  to  prevent  conflict  between  the  ventilating  and  heating 
controls,  thereby  avoiding  overventilation  while  the  heating  system  is  on.  A 
thermostat  may  be  used  to  control  the  heat,  and  the  small  ventilating  fan  can 
provide  constant  minimum  airflow  to  discharge  moisture  and  odors.  The  higher 
airflow  required  in  warmer  weather  can  then  be  controlled  by  a  second  thermostat 
set  to  start  a  larger  fan  at  about  5  degrees  above  the  "stop"  temperature  of  the 
heating  thermostat. 

The  map  (Figure  1),  which  shows  the  number  of  hours  in  average  winter  when  the 
temperature  is  below  zero,  provides  a  guide  to  your  need  for  supplementary 
heating.  Dairy  and  beef  cattle  do  not  usually  need  extra  heat  if  the  room  can  be 
maintained  at  just  above  freezing.  Poultry  and  pigs,  however,  need  a  constant 
temperature,  because  fluctuating  temperatures  have  a  bad  effect  on  production  and 
feed  conversion.  Extra  heat  is  often  needed  to  maintain  a  constant  temperature, 
and  at  the  same  time  it  is  necessary  to  ventilate  in  order  to  remove  moisture.  The 
amount  of  extra  heat  varies  with  the  design  outdoor  temperature,  the  construction 
of  the  building,  and  the  number  of  animals  kept  in  the  building  at  any  one  time. 

WHERE  TO  GET  DESIGN  ASSISTANCE 

Although  this  publication  outlines  the  important  principles  in  successful  ventilation 
of  modern  livestock  buildings,  it  is  not  intended  to  be  a  complete  handbook  for 
detailed  design  of  ventilation  systems  for  all  classes  of  livestock.  For  such  critical 
items  as  design  and  location  of  air  inlets,  selection  of  supplemental  heating  systems, 
and  arrangement  of  electrical  controls,  you  should  seek  the  advice  of  a  specialist. 
Consult  with  an  agricultural  engineer  or  extension  advisor  before  you  build  or 
remodel  and  invest  in  ventilating  equipment. 

To  obtain  assistance,  see  or  write  to  the  regional  extension  engineer  at  your 
provincial  department  of  agriculture.  Other  sources  of  assistance  include  electric 
utility  companies  and  distributors  of  farm  ventilating  fans  and  controls. 
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